To carry out their duties more effectively, health care professionals in the UAE often ask about the population structure and the main causes of mortality and morbidity in the country. This paper summarizes what is known about these topics drawing on secondary data sources that are available in the public domain, including census data, population estimates, births and deaths, proportionate mortality, age-standardized mortality rates and disability adjusted life-years. There are inconsistencies and flaws in some of this data which this paper will highlight and attempt to explain. Since 2005, the UAE population has grown substantially owing to high natural growth and high net inward migration and is currently estimated to be about 8.2 million. In 2008, injuries, heart disease, neoplasms and cerebrovascular disease accounted for 57% of deaths, and this is well known. Less is reported about the risk of death, disease, injury and disability. The population of the UAE is diverse, and there are variations in mortality and morbidity risk by age-group, sex and nationality. The authors recommend improvements in the timeliness, completeness and consistency of data. They conclude that better data will encourage more analysis which will generate health intelligence leading to health improvement for the UAE population. ª 2012
Introduction
Newcomers to the United Arab Emirates (UAE) health care system usually ask about two things: the size and make-up of the population and the main causes of death and disease. It is natural that practitioners will want to know about these matters so that they can better meet the health needs of their patients. Answers are even more essential for those who will be involved in health planning and decision-making and those who will be teaching a new generation of health professionals and conducting research.
The UAE has made remarkable progress in the past 40 years and has made substantial investments to ensure that its administrative functions are of international quality. It is therefore perhaps surprising that information on the UAE population, on mortality and on health is sometimes fragmentary and inconsistent. In this brief essay, data on the UAE population and the burden of disease that affects it will be collated and summarized. The purpose of this summary is to help practitioners, students, researchers and policy makers to focus their work more effectively, to improve curative and preventative services and thereby bring about improvements in population health. In addition, recommendations will be made for improving data access and quality in the future.
Methods
In writing this paper the authors have used a range of secondary data sources that are available in the public domain. This data included census data, population estimates, births and deaths, proportionate mortality, age-standardized mortality rates and disability adjusted life-years. The sources were identified by a search of the websites and publications of UAE government departments and agencies, including the UAE Federal Bureau of Statistics and the UAE Ministry of Health. In addition, websites and publications from the institutions of individual Emirates were examined. These include the health authorities and statistical departments of the Emirates of Abu Dhabi and Dubai. Finally, data published by the World Health Organization and its regional office was reviewed. The source of each dataset is acknowledged in the text.
Population
The UAE has an annual population growth of 3.3% which places it sixth in the world rankings [1] . Population growth is made up of natural growth (births minus deaths) and growth from net migration. Of the other countries at the top of the population growth league, most are low-income African countries with high natural growth, whereas the UAE has both high natural growth and high net migration. In fact, it is ranked third in the World on net migration (19/1000 per year) [1] . High population growth means that population counts enumerated in formal censuses quickly become inaccurate. The last census in the UAE was carried out in 2005 when the population was 4.1 million (Table 1) [2] . At that time, of the seven Emirates that make up the UAE federation, Abu Dhabi, Dubai and Sharjah were the most populous. Overall, 20% of the population were Emirati nationals, but that overall proportion concealed important geographical variations. The highest absolute number of nationals was in Abu Dhabi while the highest proportions of nationals were in Ras Al Khaima, Fujeirah and Umm Al Quwain. The populations of Dubai, Sharjah and Ajman had the smallest proportion of nationals. Most people appreciate the economic importance of Abu Dhabi within the UAE, but this data shows n/a n/a n/a n/a n/a n/a n/a Dubai 82,408 82,040 164,448 n/a n/a n/a n/a n/a n/a n/a Al Sharjah 77,874 73,632 151,506 n/a n/a n/a n/a n/a n/a n/a Ajman 21,442 20,410 41,852 n/a n/a n/a n/a n/a n/a n/a Umm Al-Quwain 8588 8708 17,296 n/a n/a n/a n/a n/a n/a n/a Ras Al Khaima 48,580 47,749 96,329 n/a n/a n/a n/a n/a n/a n/a Al Fujairah 31,953 31,849 63,802 n/a n/a n/a n/a n/a n/a n/a that it also has considerable demographic significance.
Since the 2005 census, the UAE population has grown naturally by between 56,000 and 68,000 per year, which is the difference between births and deaths. In addition, there has been significant net migration which in 2008 was 58,000. Net inward migration depends on the economy and was reported to have been much higher be-tween 2005 and 2007 when the prevailing economic situation was more favorable [3] . The UAE census that had been planned for 2010 did not take place and so currently there is reliance on population estimates based on actual 2005 census figures amended using administrative data for births and deaths, data on residence (work) visas issued and cancelled and entry/departure data for citizens of Gulf Co-operation Council (GCC) countries. For Table 2. ). The latest estimate for mid-2010 is 8.26 million, although this is an extrapolation because administrative data on which to base a more robust estimate is incomplete. This figure of 8.26 million is the one that is usually quoted in the local media. Overall in the UAE, males outnumber females 3:1. Amongst nationals as might be expected there are approximately equal numbers of males and females, but amongst non-nationals the ratio is 3.7:1. This is because there are many more male expatriate workers in jobs such as construction and laboring compared with female workers employed in hospitality, health care and domestic service. Most male expatriates have jobs that do not attract married or accompanied status.
The Emirates of Abu Dhabi [4] and Dubai [5] have their own statistical offices which are separate from the UAE National Bureau of Statistics, and using administrative data, these offices produce their own emirate-specific estimates ( Table 3 ). Abu Dhabi would appear to have the most complete estimates because Abu Dhabi residents are required to be covered by health insurance, and the health insurance database is now available to assist with enumeration of the population. These population estimates from Abu Dhabi and Dubai have led commentators to question the total UAE population estimate of 8.26 million mentioned above. Based on the most recent estimates, the combined population (nationals Table 5 Deaths by Emirate, Sex and Nationality, UAE (2009).
Citizens
Non- Citizens  Total   Emirate  Male  Female  Total  Male  Female  Total  Male  Female  Total   Abu Dhabi  617  366  983  1616  388  2005 a  2233  754  2988  Dubai  336  197  533  1254  289  1543  1590  486  2076  Sharjah  226  143  369  833  211  1044  1059  354  1413  Ajman  48  29  77  292  75  367  340  104  444  Umm Al-Quwain  33  13  46  72  15  87  105  28  133  Ras Al-Khaima  147  94  241  187  36  223  334  130  464  Fujeirah  88  64  152  99  20  119  187  84  271  Total  1495  906  2401  4353  1034  5388  5848  1940  7789 Source: Ministry of Health. a Includes one death where sex was not stated. and non-nationals) of Abu Dhabi and Dubai is approximately 4.2 million, and the population of nationals in the remaining five Emirates is about 370,000 (2009 estimates, Table 2 ). If the total UAE population is indeed 8.26 million, then these five Emirates would have a population of non-nationals of about 3.7 million. This seems improbable since the 2005 census population of non-nationals in these Emirates was only 1 million. A further illustration of the UAEÕs unique population structure is given in Fig. 1 , which depicts the population pyramid for the Emirate of Abu Dhabi. The total population is estimated to be 2.3 million, of which over half are expatriate males aged 20-59.
Births and deaths
The UAE has good registration of births and deaths and so there are accurate counts for these vital events (Tables 4 and 5) [6] . Initial scrutiny of these numerators indicates a high number of births and a low number of deaths reflecting the youthful age distribution of the population and the gender disparities between nationals and non-nationals discussed earlier.
Problems are encountered when attempts are made to calculate rates to allow benchmarking and comparisons. The published rates vary widely because the denominators that are used are different and even those that are used are much lower (4-5 m) than the official UAE estimates (8 m).
Births
The data available for Abu Dhabi makes it possible to refine fertility measures. The population structure for 2010 has been published by nationality, sex and five-age bands along with total births by nationality, but not mothersÕ age at birth [4] . Using this data, the overall crude birth rate (CBR) in Abu Dhabi in 2010 was 12.6 births per 1000 population (nationals 31/1000 and non-nationals 8.4/1000). Worldwide in 2008, the CBR was 19/1000. Using total births as the numerator and females aged 15-44 as the denominator, the overall rate is 76/1000 while the rates for nationals and for non-nationals are 129/1000 and 56/1000 respectively. Estimates of total fertility rate (TFR) have been published. TFR is the average number of children that would be born per woman if they continued to have children according to the prevailing age-specific birth rates. The overall TFR for UAE is 2.4, which is close to the world average. From this it can be concluded that compared with international norms, fertility amongst national women is high while that amongst expatriate women is average. Overall crude birth rates are unhelpful because the denominators are inflated by the exceptional numbers of expatriate males. Overall TFR for the UAE will conceal important differences in fertility between national and non-national women.
Deaths
The crude death rate (CDR) (average annual number of deaths per year per 1000 population) is a poor indicator of mortality in the UAE because although it accurately indicates the effect of mortality on population growth, it is greatly affected by the population age structure which in the UAE is distorted by young age and by expatriate men of working age who make up as much as half of the population. Worldwide CDR is 8/1000 whereas in the UAE the CDR is between 1 and 2/1000 depending on which denominator is used.
A question that is often asked is: What do people die of in the UAE? In other words, what are the main causes of death. Extensive data on mortality in the UAE in 2008 has been published in hard-copy book format [7] . The UAE vital registration system ensures that all deaths are counted and that a medical certificate of cause of death using the International Classification of Diseases is issued. However, accuracy in assigning underlying cause of death is variable, even in countries where this is done by medically qualified staff. This is the case in the UAE where data on cause of death must be interpreted with caution. UAE mortality data is reported to the World Health Organization (WHO), which then uses a variety of techniques to produce the best estimates of mortality. These are available in down-loadable spreadsheet files from the WHO website [8] . The WHO country-specific estimates may be different from each countryÕs own estimates and may be disputed by that country.
Tables depicting the top ten causes of death are popular amongst health administrators and are often debated in the press. A metric that is associated with death frequencies is ''proportionate mortality'', which is the proportion of all deaths that are due to particular causes ( Table 6 ). In the UAE in 2008, injuries, heart disease, neoplasms and cerebrovascular disease accounted for 57% of all deaths, a fact that is well known.
Mortality rates
However, proportionate mortality tells nothing about the risk of dying from a particular disease, and this information is crucial if practitioners are to understand which diseases are more likely to affect UAE citizens as a result of lifestyle, genetics and environmental factors. Proportionate mortality will indicate what health services should be doing, but in order to advise on measures to prevent disease and death, mortality rates are required. In order to calculate mortality rates, accurate denominator data is required which, as has been noted, is not always available. In addition, rates must be adjusted to take into account the very unusual age and sex distribution of the UAE population. The WHO has also prepared estimates of agestandardized cause-specific death rates for each member state [8] . These can be used to make comparisons of mortality risks in the UAE with other countries and help to answer questions about the health and health risk of the population. However, to make valid comparisons of mortality between countries, uncertainty ranges must be used [9] . These range from ±1% for high-income countries to ±15-20% for countries in sub-Saharan Africa and are generally larger for cause-specific mortality than all-cause mortality. The most recent data is for 2008, but it does not distinguish between nationals and non-nationals (Table 7) . When considering the mortality risk in the UAE, it may be helpful to look at the overall all-causes risk and the cause-specific risk and to make comparisons with both high-income and low-income countries. For this purpose, data from the United Kingdom (UK), the United States of America (USA) and Tanzania is shown alongside UAE data. Data from Tanzania is included because it is a country that has yet to pass through the epidemiological transition in which communicable diseases are still an important cause of mortality and morbidity. However, in making these comparisons, it is essential to recall the wide uncertainty ranges discussed previously.
Compared with the three comparison countries, the mortality risk in the UAE (517 per 100,000 population) is closest to that of the USA (505), being much better than Tanzania (1647), but not as good as the UK (462). Rates of ischemic heart disease and cerebrovascular disease are higher than in the UK and the USA. Of note is the higher rate of ''other heart disease,'' which includes hypertensive and rheumatic heart disease. Death rates from neoplasms are lower in the UAE, while those from respiratory infections, diabetes, genitourinary diseases and infectious diseases are all higher than in the UK and the USA, but lower than in Tanzania. Injury death rates are higher than in the UK, but are surpassed by rates in the USA and Tanzania. UAE has the lowest rates of respiratory and digestive system disease.
Currently the age-standardized mortality rates that are readily available have been calculated for the whole of the UAE population and may conceal important differences in mortality risk between, for example, different nationality groups or different geographical regions. In future, it will be important to calculate nationality and emirate-specific rates, but to achieve this, better death and population data will be necessary. All of the estimates shown here are subject to sampling error and, in the future, comparisons or benchmarking should include confidence intervals.
One of the questions often asked is about the health of the many thousands of expatriate workers in the UAE. For example, how does their health compare with the health of UAE nationals and the health of their compatriots in their home countries? Using Abu Dhabi data, it is possible to calculate age-specific all-cause mortality rates for national and non-national males ( Table 8 ). When this is done, it is clear that the mortality of expatriate men in Abu Dhabi is not excessive and is comparable with average mortality rates seen in England and Wales between 2001 and 2007. It is noteworthy that national males aged 20-59 experience a higher mortality than expatriate males at all age-bands except 35-39. One may speculate on the reason for this. Higher rates of injury deaths from road traffic accidents will affect younger age groups, while the healthy worker effect will account for the differences in older age groups when expatriates with potentially life-restricting illnesses are obliged to return to their country of origin. The healthy worker effect will also account for the lower mortality rates in Abu Dhabi expatriates aged 45-59 compared with men of a similar age in England and Wales.
What are the leading causes of death amongst expatriates, and in particular is there evidence of higher mortality rates from injury or occupational disease? In 2009 in Abu Dhabi, 29% (463/ 1606) of deaths amongst expatriate males were classified as a result of external causes. This is a category that includes deaths owing to transport accidents, suicide, accidents at work and violence. Amongst national males, the proportion was 18.5%. Interpretation of this data is difficult. In many countries deaths from external causes make a substantial contribution to overall deaths. In Europe the proportion ranges from 12.2% in Finland to 4.1% in the United Kingdom.
In most European countries the young and the elderly are at greatest risk of death from external causes. Death rates from external causes in men aged under 60 years are around 50 per 100,000. In Abu Dhabi it is difficult to calculate age-specific death rates because data on age at death is not available in a high proportion of deaths. Crude death rates are 106 for national males and 45 for expatriate males per 100,000 population. Again, caution is required because amongst expatriate males 17% of deaths are unclassified. More accurate data on the cause of death and age at death amongst expatriate males is required.
Disability adjusted life years
So far, the discussion has revolved around mortality; what can be said about morbidity? There are many diseases that cause significant ill-health and disability in the UAE without necessarily leading to death. The WHO Global Burden of Disease (GBD) Study [10] has quantified the health effects of diseases and injuries by introducing a new metric -the disability-adjusted life year (DALY). The DALY is based on years of life lost from premature death and years of life lived in less than full health. Total DALYs and age standardized DALY rates based on 2004 mortality and morbidity data are available for all countries and have been published on-line [11] . Although the validity of these estimates of DALYs has been questioned based on methodological issues [12] , they have the potential to allow for the burden of disease in a given country to be described in a consistent and comparative way and provide a tool for health decision-making andplanning. Age-standardized DALYs for the UAE, again compared with data from the UK, USA and Tanzania, are shown in Table 9 .
The all causes burden of disease in the UAE (11, 858 DALYs lost per 100,000 population per year) is similar to that in the UK (11,012) and the USA (12,844), but is much less than in Tanzania (47,182). One of the most striking features of this analysis is that the diseases that cause most mortality are not those that contribute most to the burden of disease. In the three high-income countries, neuropsychiatric conditions have the highest DALY rates. In the UAE, neuropsychiatric conditions account for 20% of the burden of disease with sense organ diseases (hearing loss, visual impairment), injury, diabetes, ischemic heart disease and neoplasms adding a further 48%. In the UK, neoplasms and respiratory disease are more significant, while in the the USA injury makes a larger contribution. In Tanzania, as might be expected in a country that has not yet passed through the epidemiological transition, infectious and parasitic diseases, injury, nutritional deficiencies, perinatal conditions, respiratory infections and maternal conditions are the main contributors to the burden of disease.
Conclusions and recommendations
Since the last formal census in 2005, the population of the UAE has grown substantially owing to high natural growth and high net inward migration. Population estimates that were published in the years after the 2005 census and which were used to calculate birth and death rates are now thought to have underestimated the true size of the population, which is currently estimated to be about 8.2 million. The main causes of death in the UAE are well-known, but there is less appreciation of the risk of death, disease, injury and disability. The population of the UAE is very diverse, and mortality and morbidity risk will vary by age-group, sex, nationality and possibly even place of residence. From the currently available data presented in this paper, it would seem that mortality and morbidity amongst Emirati-national males requires further investigation. If rates are confirmed to be higher than expected in particular population sub-groups, then it is within these sub-groups that our public-health action should be concentrated.
Within the UAE, there are official statistics offices at both the National and Emirate level, and whilst good progress has been made, there is room to improve the timeliness, completeness and consistency of the data that is available on-line. This would be of great benefit to practitioners, planners and researchers in health and related fields. Better data will encourage more analysis, and this analysis will generate health intelligence that will drive health improvement. The improvements that would be most beneficial are the availability of birth counts by sex of infant, age and nationality of mother and place of residence. Death data should include age at death, cause, nationality and place of residence. Similarly, annual population estimates should be made available by fiveyear age-band, sex, nationality and, ideally, Emirate of residence. Efforts should be made to reduce data that is missing or unclassified. Finally, the data should be freely available in downloadable form from the main national statistics website with an invitation to all interested parties to use and analyze the data to inform planning and decision making.
